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First Angular Analysis of decay at the central  B0 → K*0e+e− q2
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RARE DECAYS AS A PROBE OF NEW PHYSICS

R. Silva Coutinho 2

FCNC: UNIQUE GLIMPSE TO HIGHER SCALE

[E.G. ENHANCEMENT/SUPPRESSION OF 
DECAY RATE, ANGULAR DISTRIBUTIONS 

AND NEW SOURCES OF CP]

NEW PARTICLES CAN CONTRIBUTE AT LOOP AND/OR TREE LEVEL
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<latexit sha1_base64="z47buBn9iQoOHoRKobLetck6wsQ=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFEdMh0hlZ3BTeCmwr2Ae1YMmmmDc08SDJKGfspblwo4tYvceffmD4EFT0Q7uGce7k3x084kwqhD2NhcWl5ZTW3ll/f2NzaNgs7DRmngtA6iXksWj6WlLOI1hVTnLYSQXHoc9r0h+cTv3lLhWRxdK1GCfVC3I9YwAhWWuqahcub7GR8DHU50sWyrK5ZRJZTLqFSBSLLLTuuc6ZJ2XVs5EDbQlMUwRy1rvne6cUkDWmkCMdStm2UKC/DQjHC6TjfSSVNMBniPm1rGuGQSi+bnj6GB1rpwSAW+kUKTtXvExkOpRyFvu4MsRrI395E/Mtrpyo49TIWJamiEZktClIOVQwnOcAeE5QoPtIEE8H0rZAMsMBE6bTyOoSvn8L/SaNk2ciyr9xi1Z3HkQN7YB8cAhtUQBVcgBqoAwLuwAN4As/GvfFovBivs9YFYz6zC37AePsEqReSRA==</latexit><latexit sha1_base64="z47buBn9iQoOHoRKobLetck6wsQ=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFEdMh0hlZ3BTeCmwr2Ae1YMmmmDc08SDJKGfspblwo4tYvceffmD4EFT0Q7uGce7k3x084kwqhD2NhcWl5ZTW3ll/f2NzaNgs7DRmngtA6iXksWj6WlLOI1hVTnLYSQXHoc9r0h+cTv3lLhWRxdK1GCfVC3I9YwAhWWuqahcub7GR8DHU50sWyrK5ZRJZTLqFSBSLLLTuuc6ZJ2XVs5EDbQlMUwRy1rvne6cUkDWmkCMdStm2UKC/DQjHC6TjfSSVNMBniPm1rGuGQSi+bnj6GB1rpwSAW+kUKTtXvExkOpRyFvu4MsRrI395E/Mtrpyo49TIWJamiEZktClIOVQwnOcAeE5QoPtIEE8H0rZAMsMBE6bTyOoSvn8L/SaNk2ciyr9xi1Z3HkQN7YB8cAhtUQBVcgBqoAwLuwAN4As/GvfFovBivs9YFYz6zC37AePsEqReSRA==</latexit><latexit sha1_base64="z47buBn9iQoOHoRKobLetck6wsQ=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFEdMh0hlZ3BTeCmwr2Ae1YMmmmDc08SDJKGfspblwo4tYvceffmD4EFT0Q7uGce7k3x084kwqhD2NhcWl5ZTW3ll/f2NzaNgs7DRmngtA6iXksWj6WlLOI1hVTnLYSQXHoc9r0h+cTv3lLhWRxdK1GCfVC3I9YwAhWWuqahcub7GR8DHU50sWyrK5ZRJZTLqFSBSLLLTuuc6ZJ2XVs5EDbQlMUwRy1rvne6cUkDWmkCMdStm2UKC/DQjHC6TjfSSVNMBniPm1rGuGQSi+bnj6GB1rpwSAW+kUKTtXvExkOpRyFvu4MsRrI395E/Mtrpyo49TIWJamiEZktClIOVQwnOcAeE5QoPtIEE8H0rZAMsMBE6bTyOoSvn8L/SaNk2ciyr9xi1Z3HkQN7YB8cAhtUQBVcgBqoAwLuwAN4As/GvfFovBivs9YFYz6zC37AePsEqReSRA==</latexit><latexit sha1_base64="z47buBn9iQoOHoRKobLetck6wsQ=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFEdMh0hlZ3BTeCmwr2Ae1YMmmmDc08SDJKGfspblwo4tYvceffmD4EFT0Q7uGce7k3x084kwqhD2NhcWl5ZTW3ll/f2NzaNgs7DRmngtA6iXksWj6WlLOI1hVTnLYSQXHoc9r0h+cTv3lLhWRxdK1GCfVC3I9YwAhWWuqahcub7GR8DHU50sWyrK5ZRJZTLqFSBSLLLTuuc6ZJ2XVs5EDbQlMUwRy1rvne6cUkDWmkCMdStm2UKC/DQjHC6TjfSSVNMBniPm1rGuGQSi+bnj6GB1rpwSAW+kUKTtXvExkOpRyFvu4MsRrI395E/Mtrpyo49TIWJamiEZktClIOVQwnOcAeE5QoPtIEE8H0rZAMsMBE6bTyOoSvn8L/SaNk2ciyr9xi1Z3HkQN7YB8cAhtUQBVcgBqoAwLuwAN4As/GvfFovBivs9YFYz6zC37AePsEqReSRA==</latexit>

µ+
<latexit sha1_base64="JBM0oYTuWEbBIWJW5hHJS6ZV12I=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBEEoexKQY8FLx4ruG2hXUs2zbahSXZJskJZ+hu8eFDEqz/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RmvrG5tb26Wd8u7e/sFh5ei4ZZJMUxbQRCS6ExHDBFcssNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTgp7MHi/7lapX8+bAq8QvSBUKNPuVr94goZlkylJBjOn6XmrDnGjLqWDTci8zLCV0TIas66gikpkwnx87xedOGeA40a6UxXP190ROpDETGblOSezILHsz8T+vm9n4Jsy5SjPLFF0sijOBbYJnn+MB14xaMXGEUM3drZiOiCbUunzKLgR/+eVV0rqq+V7Nv69XG/UijhKcwhlcgA/X0IA7aEIAFDg8wyu8IYVe0Dv6WLSuoWLmBP4Aff4AdYeOZQ==</latexit><latexit sha1_base64="JBM0oYTuWEbBIWJW5hHJS6ZV12I=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBEEoexKQY8FLx4ruG2hXUs2zbahSXZJskJZ+hu8eFDEqz/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RmvrG5tb26Wd8u7e/sFh5ei4ZZJMUxbQRCS6ExHDBFcssNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTgp7MHi/7lapX8+bAq8QvSBUKNPuVr94goZlkylJBjOn6XmrDnGjLqWDTci8zLCV0TIas66gikpkwnx87xedOGeA40a6UxXP190ROpDETGblOSezILHsz8T+vm9n4Jsy5SjPLFF0sijOBbYJnn+MB14xaMXGEUM3drZiOiCbUunzKLgR/+eVV0rqq+V7Nv69XG/UijhKcwhlcgA/X0IA7aEIAFDg8wyu8IYVe0Dv6WLSuoWLmBP4Aff4AdYeOZQ==</latexit><latexit sha1_base64="JBM0oYTuWEbBIWJW5hHJS6ZV12I=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBEEoexKQY8FLx4ruG2hXUs2zbahSXZJskJZ+hu8eFDEqz/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RmvrG5tb26Wd8u7e/sFh5ei4ZZJMUxbQRCS6ExHDBFcssNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTgp7MHi/7lapX8+bAq8QvSBUKNPuVr94goZlkylJBjOn6XmrDnGjLqWDTci8zLCV0TIas66gikpkwnx87xedOGeA40a6UxXP190ROpDETGblOSezILHsz8T+vm9n4Jsy5SjPLFF0sijOBbYJnn+MB14xaMXGEUM3drZiOiCbUunzKLgR/+eVV0rqq+V7Nv69XG/UijhKcwhlcgA/X0IA7aEIAFDg8wyu8IYVe0Dv6WLSuoWLmBP4Aff4AdYeOZQ==</latexit><latexit sha1_base64="JBM0oYTuWEbBIWJW5hHJS6ZV12I=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBEEoexKQY8FLx4ruG2hXUs2zbahSXZJskJZ+hu8eFDEqz/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RmvrG5tb26Wd8u7e/sFh5ei4ZZJMUxbQRCS6ExHDBFcssNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTgp7MHi/7lapX8+bAq8QvSBUKNPuVr94goZlkylJBjOn6XmrDnGjLqWDTci8zLCV0TIas66gikpkwnx87xedOGeA40a6UxXP190ROpDETGblOSezILHsz8T+vm9n4Jsy5SjPLFF0sijOBbYJnn+MB14xaMXGEUM3drZiOiCbUunzKLgR/+eVV0rqq+V7Nv69XG/UijhKcwhlcgA/X0IA7aEIAFDg8wyu8IYVe0Dv6WLSuoWLmBP4Aff4AdYeOZQ==</latexit>

µ�
<latexit sha1_base64="zNjV09ugaSBb0e3GwZhSePoN0+c=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBG8WHaloMeCF48V3LbQriWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o7X1jc2t7dJOeXdv/+CwcnTcMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJQU9mj5f9StWreXPgVeIXpAoFmv3KV2+Q0EwyZakgxnR9L7VhTrTlVLBpuZcZlhI6JkPWdVQRyUyYz4+d4nOnDHCcaFfK4rn6eyIn0piJjFynJHZklr2Z+J/XzWx8E+ZcpZllii4WxZnANsGzz/GAa0atmDhCqObuVkxHRBNqXT5lF4K//PIqaV3VfK/m39erjXoRRwlO4QwuwIdraMAdNCEAChye4RXekEIv6B19LFrXUDFzAn+APn8AeI+OZw==</latexit><latexit sha1_base64="zNjV09ugaSBb0e3GwZhSePoN0+c=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBG8WHaloMeCF48V3LbQriWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o7X1jc2t7dJOeXdv/+CwcnTcMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJQU9mj5f9StWreXPgVeIXpAoFmv3KV2+Q0EwyZakgxnR9L7VhTrTlVLBpuZcZlhI6JkPWdVQRyUyYz4+d4nOnDHCcaFfK4rn6eyIn0piJjFynJHZklr2Z+J/XzWx8E+ZcpZllii4WxZnANsGzz/GAa0atmDhCqObuVkxHRBNqXT5lF4K//PIqaV3VfK/m39erjXoRRwlO4QwuwIdraMAdNCEAChye4RXekEIv6B19LFrXUDFzAn+APn8AeI+OZw==</latexit><latexit sha1_base64="zNjV09ugaSBb0e3GwZhSePoN0+c=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBG8WHaloMeCF48V3LbQriWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o7X1jc2t7dJOeXdv/+CwcnTcMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJQU9mj5f9StWreXPgVeIXpAoFmv3KV2+Q0EwyZakgxnR9L7VhTrTlVLBpuZcZlhI6JkPWdVQRyUyYz4+d4nOnDHCcaFfK4rn6eyIn0piJjFynJHZklr2Z+J/XzWx8E+ZcpZllii4WxZnANsGzz/GAa0atmDhCqObuVkxHRBNqXT5lF4K//PIqaV3VfK/m39erjXoRRwlO4QwuwIdraMAdNCEAChye4RXekEIv6B19LFrXUDFzAn+APn8AeI+OZw==</latexit><latexit sha1_base64="zNjV09ugaSBb0e3GwZhSePoN0+c=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBG8WHaloMeCF48V3LbQriWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o7X1jc2t7dJOeXdv/+CwcnTcMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJQU9mj5f9StWreXPgVeIXpAoFmv3KV2+Q0EwyZakgxnR9L7VhTrTlVLBpuZcZlhI6JkPWdVQRyUyYz4+d4nOnDHCcaFfK4rn6eyIn0piJjFynJHZklr2Z+J/XzWx8E+ZcpZllii4WxZnANsGzz/GAa0atmDhCqObuVkxHRBNqXT5lF4K//PIqaV3VfK/m39erjXoRRwlO4QwuwIdraMAdNCEAChye4RXekEIv6B19LFrXUDFzAn+APn8AeI+OZw==</latexit>



b sW−

t e+

e−

R. Silva Coutinho 3

�(⇤), Z0
<latexit sha1_base64="ff/bG/MSVK+DxyC39jBsZssWgFA=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFUJEyMNe1OcONSwVaxjWUynbZDZ5IwMxFLyK+4caGIW3/EnX/j9CGo6IELh3Pu5d57woQzpRH6sGZm5+YXFgtLxeWV1bV1e6PUUHEqCa2TmMfyOsSKchbRumaa0+tEUixCTq/CwenIv7qjUrE4utTDhAYC9yLWZQRrI7XtUquHhcC32e7+Xn5wc5uhvG2XkeNXXO/Ig8ipoprnVwypeRXPP4aug8YogynO2/Z7qxOTVNBIE46Varoo0UGGpWaE07zYShVNMBngHm0aGmFBVZCNb8/hjlE6sBtLU5GGY/X7RIaFUkMRmk6BdV/99kbiX14z1d1qkLEoSTWNyGRRN+VQx3AUBOwwSYnmQ0MwkczcCkkfS0y0iatoQvj6FP5PGoeOixz34qh8cjiNowC2wDbYBS7wwQk4A+egDgi4Bw/gCTxbufVovVivk9YZazqzCX7AevsEQPiT4w==</latexit><latexit sha1_base64="ff/bG/MSVK+DxyC39jBsZssWgFA=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFUJEyMNe1OcONSwVaxjWUynbZDZ5IwMxFLyK+4caGIW3/EnX/j9CGo6IELh3Pu5d57woQzpRH6sGZm5+YXFgtLxeWV1bV1e6PUUHEqCa2TmMfyOsSKchbRumaa0+tEUixCTq/CwenIv7qjUrE4utTDhAYC9yLWZQRrI7XtUquHhcC32e7+Xn5wc5uhvG2XkeNXXO/Ig8ipoprnVwypeRXPP4aug8YogynO2/Z7qxOTVNBIE46Varoo0UGGpWaE07zYShVNMBngHm0aGmFBVZCNb8/hjlE6sBtLU5GGY/X7RIaFUkMRmk6BdV/99kbiX14z1d1qkLEoSTWNyGRRN+VQx3AUBOwwSYnmQ0MwkczcCkkfS0y0iatoQvj6FP5PGoeOixz34qh8cjiNowC2wDbYBS7wwQk4A+egDgi4Bw/gCTxbufVovVivk9YZazqzCX7AevsEQPiT4w==</latexit><latexit sha1_base64="ff/bG/MSVK+DxyC39jBsZssWgFA=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFUJEyMNe1OcONSwVaxjWUynbZDZ5IwMxFLyK+4caGIW3/EnX/j9CGo6IELh3Pu5d57woQzpRH6sGZm5+YXFgtLxeWV1bV1e6PUUHEqCa2TmMfyOsSKchbRumaa0+tEUixCTq/CwenIv7qjUrE4utTDhAYC9yLWZQRrI7XtUquHhcC32e7+Xn5wc5uhvG2XkeNXXO/Ig8ipoprnVwypeRXPP4aug8YogynO2/Z7qxOTVNBIE46Varoo0UGGpWaE07zYShVNMBngHm0aGmFBVZCNb8/hjlE6sBtLU5GGY/X7RIaFUkMRmk6BdV/99kbiX14z1d1qkLEoSTWNyGRRN+VQx3AUBOwwSYnmQ0MwkczcCkkfS0y0iatoQvj6FP5PGoeOixz34qh8cjiNowC2wDbYBS7wwQk4A+egDgi4Bw/gCTxbufVovVivk9YZazqzCX7AevsEQPiT4w==</latexit><latexit sha1_base64="ff/bG/MSVK+DxyC39jBsZssWgFA=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFUJEyMNe1OcONSwVaxjWUynbZDZ5IwMxFLyK+4caGIW3/EnX/j9CGo6IELh3Pu5d57woQzpRH6sGZm5+YXFgtLxeWV1bV1e6PUUHEqCa2TmMfyOsSKchbRumaa0+tEUixCTq/CwenIv7qjUrE4utTDhAYC9yLWZQRrI7XtUquHhcC32e7+Xn5wc5uhvG2XkeNXXO/Ig8ipoprnVwypeRXPP4aug8YogynO2/Z7qxOTVNBIE46Varoo0UGGpWaE07zYShVNMBngHm0aGmFBVZCNb8/hjlE6sBtLU5GGY/X7RIaFUkMRmk6BdV/99kbiX14z1d1qkLEoSTWNyGRRN+VQx3AUBOwwSYnmQ0MwkczcCkkfS0y0iatoQvj6FP5PGoeOixz34qh8cjiNowC2wDbYBS7wwQk4A+egDgi4Bw/gCTxbufVovVivk9YZazqzCX7AevsEQPiT4w==</latexit>

C7, C9,10
<latexit sha1_base64="0pqBV83ZqrpdosBigjOaT8WETCU=">AAACDHicdVDLSgMxFL1TX7W+qi4FCYrgQoZMS23rqlAQlxVsFdpSM2lqQzMPkoxQhvkAN/6KGxeKuPUD3Pk3ZloFK3ogcDjnXHLvcUPBlcb4w8rMzS8sLmWXcyura+sb+c2tlgoiSVmTBiKQVy5RTHCfNTXXgl2FkhHPFezSHdVT//KWScUD/0KPQ9b1yI3PB5wSbaRefr/jET2kRMT1pBeXkyM0I1SPHJyYFLaPy061WkLYLpZxoeSkBFeKuIAcG0+wX9s9ja8BoNHLv3f6AY085msqiFJtB4e6GxOpORUsyXUixUJCR+SGtQ31icdUN54ck6ADo/TRIJDm+RpN1J8TMfGUGnuuSaabqt9eKv7ltSM9qHRj7oeRZj6dfjSIBNIBSptBfS4Z1WJsCKGSm10RHRJJqDb95UwJ35ei/0mrYDvYds5NGycwRRZ2YA8OwYEy1OAMGtAECnfwAE/wbN1bj9aL9TqNZqyvmW2YgfX2CVvFnJw=</latexit><latexit sha1_base64="Y4sipz56utC5lRZQhY6CG7iYniE="></latexit><latexit sha1_base64="Y4sipz56utC5lRZQhY6CG7iYniE="></latexit><latexit sha1_base64="atuV41cCmnsUrr+i0jSdl8W0zRQ=">AAACDHicdVDLSgMxFM34rPVVdekmWAQXZci01GldFbpxWcE+oB1KJs20oZkHSUYow3yAG3/FjQtF3PoB7vwbM20FK3ogcDjnXHLvcSPOpELo01hb39jc2s7t5Hf39g8OC0fHHRnGgtA2CXkoei6WlLOAthVTnPYiQbHvctp1p83M795RIVkY3KpZRB0fjwPmMYKVloaF4sDHakIwT5rpMLHTElwR6iULpTqFzEvbqterEJkVG5WrVkZQrYLK0DLRHEWwRGtY+BiMQhL7NFCEYyn7FoqUk2ChGOE0zQ9iSSNMpnhM+5oG2KfSSebHpPBcKyPohUK/QMG5+nMiwb6UM9/VyWxT+dvLxL+8fqy8mpOwIIoVDcjiIy/mUIUwawaOmKBE8ZkmmAimd4VkggUmSveX1yV8Xwr/J52yaSHTukHFxtWyjhw4BWfgAljABg1wDVqgDQi4B4/gGbwYD8aT8Wq8LaJrxnLmBKzAeP8CVp6bHQ==</latexit>

q2[GeV/c4]
<latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit><latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit><latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit><latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit>

B0 ! K⇤ (2S)
<latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit><latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit><latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit><latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit>

B0 ! K⇤J/ (1S)
<latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit><latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit><latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit><latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit>

B0 ! K⇤DD̄
<latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit><latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit><latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit><latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit>

! µ+µ�
<latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit>

! µ+µ�
<latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit>

! µ+µ�
<latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit>

C7
<latexit sha1_base64="0KSOYRnaaQjn7Vcx0HgnoqLaBXI=">AAAB+HicdVDLSsNAFL2pr1ofjboUZLAIrkpStAmuCt24rGBroQ1hMp22QycPZiZCDf0SNy4UceHGT3Hnzk9x0iqo6IGBwzn3cs+cIOFMKst6MwpLyyura8X10sbm1nbZ3NntyDgVhLZJzGPRDbCknEW0rZjitJsIisOA06tg0sz9q2sqJIujSzVNqBfiUcSGjGClJd8s90OsxgTzrDnzM2fmmxWr6riW7dpIE6dWt+o5cU8d9wTZVWuOSsM8eH4HgJZvvvYHMUlDGinCsZQ920qUl2GhGOF0VuqnkiaYTPCI9jSNcEill82Dz9CRVgZoGAv9IoXm6veNDIdSTsNAT+Yx5W8vF//yeqkaul7GoiRVNCKLQ8OUIxWjvAU0YIISxaeaYCKYzorIGAtMlO6qpEv4+in6n3RqVduq2he6jTNYoAj7cAjHYIMDDTiHFrSBQAq3cA8Pxo1xZzwaT4vRgvG5swc/YLx8ABsplYs=</latexit><latexit sha1_base64="9k2rv3U9/O5G5kSvjZTOcluG2BI=">AAAB+HicdVDLSsNAFJ3UV62PRl0KMlgEVyEp2gRXhW5cVrAPaEuYTCft0MmDmYlQQ/7BvRsXirjoxi/wGwQX/o2TVkFFDwwczrmXe+Z4MaNCmua7VlhaXlldK66XNja3tsv6zm5bRAnHpIUjFvGuhwRhNCQtSSUj3ZgTFHiMdLxJI/c7V4QLGoWXchqTQYBGIfUpRlJJrl7uB0iOMWJpI3NTO3P1imnYjmk5FlTErtbMWk6cU9s5gZZhzlGp6wezt5uXWdPVX/vDCCcBCSVmSIieZcZykCIuKWYkK/UTQWKEJ2hEeoqGKCBikM6DZ/BIKUPoR1y9UMK5+n0jRYEQ08BTk3lM8dvLxb+8XiJ9Z5DSME4kCfHikJ8wKCOYtwCHlBMs2VQRhDlVWSEeI46wVF2VVAlfP4X/k3bVsEzDulBtnIEFimAfHIJjYAEb1ME5aIIWwCABt+AePGjX2p32qD0tRgva584e+AHt+QO0YJd9</latexit><latexit sha1_base64="9k2rv3U9/O5G5kSvjZTOcluG2BI=">AAAB+HicdVDLSsNAFJ3UV62PRl0KMlgEVyEp2gRXhW5cVrAPaEuYTCft0MmDmYlQQ/7BvRsXirjoxi/wGwQX/o2TVkFFDwwczrmXe+Z4MaNCmua7VlhaXlldK66XNja3tsv6zm5bRAnHpIUjFvGuhwRhNCQtSSUj3ZgTFHiMdLxJI/c7V4QLGoWXchqTQYBGIfUpRlJJrl7uB0iOMWJpI3NTO3P1imnYjmk5FlTErtbMWk6cU9s5gZZhzlGp6wezt5uXWdPVX/vDCCcBCSVmSIieZcZykCIuKWYkK/UTQWKEJ2hEeoqGKCBikM6DZ/BIKUPoR1y9UMK5+n0jRYEQ08BTk3lM8dvLxb+8XiJ9Z5DSME4kCfHikJ8wKCOYtwCHlBMs2VQRhDlVWSEeI46wVF2VVAlfP4X/k3bVsEzDulBtnIEFimAfHIJjYAEb1ME5aIIWwCABt+AePGjX2p32qD0tRgva584e+AHt+QO0YJd9</latexit><latexit sha1_base64="FiviLqnMktpQ+aczVTw0+5fP8rY=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzAp2gRXhW5cVrC10IYwmU7aoZMHMxOhhnyJGxeKuPVT3Pk3TtoKKnpg4HDOvdwzJ0g5kwqhD6Oytr6xuVXdru3s7u3XzYPDvkwyQWiPJDwRgwBLyllMe4opTgepoDgKOL0NZp3Sv72jQrIkvlHzlHoRnsQsZAQrLflmfRRhNSWY553Cz53CNxvIclxkuzbUxGm2UKsk7oXjnkPbQgs0wApd33wfjROSRTRWhGMphzZKlZdjoRjhtKiNMklTTGZ4Qoeaxjii0ssXwQt4qpUxDBOhX6zgQv2+keNIynkU6MkypvztleJf3jBToevlLE4zRWOyPBRmHKoEli3AMROUKD7XBBPBdFZIplhgonRXNV3C10/h/6TftGxk2deo0b5c1VEFx+AEnAEbOKANrkAX9AABGXgAT+DZuDcejRfjdTlaMVY7R+AHjLdPb5uTkA==</latexit>
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FLAVOUR ANOMALIES IN b → sℓ+ℓ−

Differential in q2

%4b→sũũ 2019 P. Álvarez Cartelle (ICL)

• Perform the measurement in bins of q2 ≡ m(ũũ) 
 

 

• Veto the q2 regions close to  
the resonances         where  
the charm-loop dominates

ũ+

ũ–

d�
dq2

q2

C(0)
9 , C(0)

10

C(0)
7

C(0)
9 , C(0)

10

+ long distance cc̄

 (2S)

J/ (1S)

1 2 3 4

1 6 154m(`)2 [GeV2]

1

2

3

low-q2: [0.045, 1.1] GeV2/c4

central-q2: [1.1, 6] GeV2/c4
[DECAY RATE]

K+

π−

K∗0 θK

µ+

µ−

B0

θℓ

(a) θK and θℓ definitions for the B0 decay

µ−

µ+

K+

π−

B0

K∗0
φ

K+ π−

n̂Kπ

⊙p̂Kπ

µ−

µ+

n̂µ+µ−
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[LFU: RATIO OF BFS]

LOW THEORETICAL UNCERTAINTYHIGH THEORETICAL UNCERTAINTY

]4c/2 [GeV2q
0 5 10 15

]2
/G

eV
4 c [2 q

/dB
 d

0

0.05

0.1

0.15
6−10×

LHCb
B0 ! K⇤0µ+µ�

<latexit sha1_base64="iKAX8z7zDP06A4FjwnUtUD8GK8s=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARxEeZEUGXRTeCmwr2Ae20ZNK0DU1mhiQjlKG48VfcuFDErV/hzr8x085CrQcSDufcS3KOH3GmtON8Wbm5+YXFpfxyYWV1bX3D3tyqqTCWhFZJyEPZ8LGinAW0qpnmtBFJioXPad0fXqV+/Z5KxcLgTo8i6gncD1iPEayN1LF3LtuJM27pEN20k0PDRNw+Sq+Tjl10Ss4EaJa4GSlChkrH/mx1QxILGmjCsVJN14m0l2CpGeF0XGjFikaYDHGfNg0NsKDKSyYRxmjfKF3UC6U5gUYT9edGgoVSI+GbSYH1QP31UvE/rxnr3oWXsCCKNQ3I9KFezJFJnPaBukxSovnIEEwkM39FZIAlJtq0VjAluH8jz5Laacl1Su7tWbF8nNWRh13YgwNw4RzKcA0VqAKBB3iCF3i1Hq1n6816n47mrGxnG37B+vgGscuWQQ==</latexit><latexit sha1_base64="iKAX8z7zDP06A4FjwnUtUD8GK8s=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARxEeZEUGXRTeCmwr2Ae20ZNK0DU1mhiQjlKG48VfcuFDErV/hzr8x085CrQcSDufcS3KOH3GmtON8Wbm5+YXFpfxyYWV1bX3D3tyqqTCWhFZJyEPZ8LGinAW0qpnmtBFJioXPad0fXqV+/Z5KxcLgTo8i6gncD1iPEayN1LF3LtuJM27pEN20k0PDRNw+Sq+Tjl10Ss4EaJa4GSlChkrH/mx1QxILGmjCsVJN14m0l2CpGeF0XGjFikaYDHGfNg0NsKDKSyYRxmjfKF3UC6U5gUYT9edGgoVSI+GbSYH1QP31UvE/rxnr3oWXsCCKNQ3I9KFezJFJnPaBukxSovnIEEwkM39FZIAlJtq0VjAluH8jz5Laacl1Su7tWbF8nNWRh13YgwNw4RzKcA0VqAKBB3iCF3i1Hq1n6816n47mrGxnG37B+vgGscuWQQ==</latexit><latexit sha1_base64="iKAX8z7zDP06A4FjwnUtUD8GK8s=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARxEeZEUGXRTeCmwr2Ae20ZNK0DU1mhiQjlKG48VfcuFDErV/hzr8x085CrQcSDufcS3KOH3GmtON8Wbm5+YXFpfxyYWV1bX3D3tyqqTCWhFZJyEPZ8LGinAW0qpnmtBFJioXPad0fXqV+/Z5KxcLgTo8i6gncD1iPEayN1LF3LtuJM27pEN20k0PDRNw+Sq+Tjl10Ss4EaJa4GSlChkrH/mx1QxILGmjCsVJN14m0l2CpGeF0XGjFikaYDHGfNg0NsKDKSyYRxmjfKF3UC6U5gUYT9edGgoVSI+GbSYH1QP31UvE/rxnr3oWXsCCKNQ3I9KFezJFJnPaBukxSovnIEEwkM39FZIAlJtq0VjAluH8jz5Laacl1Su7tWbF8nNWRh13YgwNw4RzKcA0VqAKBB3iCF3i1Hq1n6816n47mrGxnG37B+vgGscuWQQ==</latexit><latexit sha1_base64="iKAX8z7zDP06A4FjwnUtUD8GK8s=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARxEeZEUGXRTeCmwr2Ae20ZNK0DU1mhiQjlKG48VfcuFDErV/hzr8x085CrQcSDufcS3KOH3GmtON8Wbm5+YXFpfxyYWV1bX3D3tyqqTCWhFZJyEPZ8LGinAW0qpnmtBFJioXPad0fXqV+/Z5KxcLgTo8i6gncD1iPEayN1LF3LtuJM27pEN20k0PDRNw+Sq+Tjl10Ss4EaJa4GSlChkrH/mx1QxILGmjCsVJN14m0l2CpGeF0XGjFikaYDHGfNg0NsKDKSyYRxmjfKF3UC6U5gUYT9edGgoVSI+GbSYH1QP31UvE/rxnr3oWXsCCKNQ3I9KFezJFJnPaBukxSovnIEEwkM39FZIAlJtq0VjAluH8jz5Laacl1Su7tWbF8nNWRh13YgwNw4RzKcA0VqAKBB3iCF3i1Hq1n6816n47mrGxnG37B+vgGscuWQQ==</latexit>

CONSISTENT ANOMALOUS PATTERN
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Lepton Flavour Universality tests in b ! s`` decays
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Status before Dec. 2022 SM prediction

⌅ Lepton flavour universality central property of SM
⌅ Testable using ratios of branching fractions of rare b! s`
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⌅ Exactly unity in SM, di↵erences only through lepton mass e↵ects
⌅ QED corrections O(1 %) [EPJC 76 (2016) 440]

⌅ Hadronic uncertainties (form-factors and cc̄-loop) cancel in the ratio
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Figure 28: Measured values of LU observables in B+
! K+`+`� and B0

! K⇤0`+`� decays and
their overall compatibility with the SM.

treatment of misidentified hadronic backgrounds in the electron mode are also evaluated
using pseudoexperiments. The biggest shift (0.064) is found to be due to the more stringent
PID, which enhances signal purity by the removal of contributions from processes that
were not previously modeled. Residual misidentified backgrounds are modeled in the
fit, resulting in a further shift (0.038) compared to the previous analysis. These shifts
add linearly. The systematic shift due to misidentified backgrounds to electrons, and
the uncertainties assigned to the results presented here, are greater than the systematic
uncertainties in the earlier publication of RK . The assigned systematic uncertainties on
the new measurements presented in this paper are smaller than in previous papers, except
for RK (central-q2) where the new result has a smaller overall relative uncertainty despite
an increase in the systematic uncertainty from that of Ref. [24]. In all cases, the statistical
uncertainties remain significantly larger than the systematic uncertainties and therefore
additional data will continue to challenge the Standard Model.
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Figure 28: Measured values of LU observables in B+
! K+`+`� and B0

! K⇤0`+`� decays and
their overall compatibility with the SM.

treatment of misidentified hadronic backgrounds in the electron mode are also evaluated
using pseudoexperiments. The biggest shift (0.064) is found to be due to the more stringent
PID, which enhances signal purity by the removal of contributions from processes that
were not previously modeled. Residual misidentified backgrounds are modeled in the
fit, resulting in a further shift (0.038) compared to the previous analysis. These shifts
add linearly. The systematic shift due to misidentified backgrounds to electrons, and
the uncertainties assigned to the results presented here, are greater than the systematic
uncertainties in the earlier publication of RK . The assigned systematic uncertainties on
the new measurements presented in this paper are smaller than in previous papers, except
for RK (central-q2) where the new result has a smaller overall relative uncertainty despite
an increase in the systematic uncertainty from that of Ref. [24]. In all cases, the statistical
uncertainties remain significantly larger than the systematic uncertainties and therefore
additional data will continue to challenge the Standard Model.
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SM from DHMV
SM from ASZB

+ OTHER b → sμ+μ−

WHAT ABOUT LFU TESTS IN ANGULAR DISTRIBUTIONS?

[LHCb, JHEP 11 (2016) 047] [LHCb, PRL 125 (2020) 011802  
Belle, PRL 118 (2017) 11, 111801  

ATLAS, JHEP 10 (2018) 047  
CMS, PLB 781 (2018) 517]

[LHCb,PRL 131 (2023) 051803, PRD 108 (2023) 032002]
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FIRST ANGULAR ANALYSIS OF  DECAYS AT THE CENTRAL  REGION B0 → K*0e+e− q2

ANALYSIS STRATEGY

FULL RUN 1 + 2             STATISTICS ( ) 

‣ SIMULTANEOUS FIT TO [2011-2012], [2015-2016] AND [2017-2018] DATASETS 

4D UNBINNED WEIGHTED FIT TO THE MASS AND ANGULAR DISTRIBUTIONS

9 fb−1

MASS AN ANGULAR DISTRIBUTIONS 
ARE ASSUMED TO FACTORISE

SELECTION AND CORRECTIONS FOLLOW CLOSELY  ANALYSIS 

DETERMINE CP-AVERAGED  AND CORRESPONDING OPTIMISED  OBSERVABLES 

LFU OBSERVABLES  ARE DERIVED BY COMPARING THE RESULTS AGAINST 
PREVIOUSLY PUBLISHED             MUON ANALYSIS

RK*

Si P(′￼)
i

Qi

PDF(~⌦,m|~⇥,~�) = fsigpdfsig(~⌦,m||~⇥,~�) +
n�1X

i

fbkg,ipdfbkg,i(~⌦,m|~�bkg,i)
<latexit sha1_base64="tjGOo/hnYqr0zhNP7FJf3JKSa4c="></latexit><latexit sha1_base64="tjGOo/hnYqr0zhNP7FJf3JKSa4c="></latexit><latexit sha1_base64="tjGOo/hnYqr0zhNP7FJf3JKSa4c="></latexit><latexit sha1_base64="tjGOo/hnYqr0zhNP7FJf3JKSa4c="></latexit>

<latexit sha1_base64="LWbu5db5bN0tlhviVCAFQkOlYf4="></latexit>

+(1� fsig �
n�1X

i

fbkg,i)pdfbkg,n(~⌦,m|~�bkg,n)

WITH LIKELIHOOD AS 
<latexit sha1_base64="4CcofaYMyOf/xiF20+qmJRh3ujA="></latexit>

�
X

events,e

1

✏e(~⌦, q2)
· ln PDF(~⌦,m|~⇥,~�)

[LHCb-PAPER-2024-022, Preliminary] 

[PRL 131 (2023) 051803, PRD 108 (2023) 032002]

Qi = P (µ)
i � P (e)

i
<latexit sha1_base64="6Z9NBDGAz8BGN5PB+4pGdNlTjDY="></latexit><latexit sha1_base64="6Z9NBDGAz8BGN5PB+4pGdNlTjDY="></latexit><latexit sha1_base64="6Z9NBDGAz8BGN5PB+4pGdNlTjDY="></latexit><latexit sha1_base64="6Z9NBDGAz8BGN5PB+4pGdNlTjDY="></latexit>

 [JHEP 10 (2016) 075]
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Fraction of longitudinal 
polarisation of the K*

Forward-backward asymmetry 
of the di-lepton system

1

d(�+ �̄)/dq2
d4(�+ �̄)

dq2 d~⌦
=

9

32⇡
[ 34 (1� FL) sin

2 ✓k + FL cos
2 ✓k

+ 1
4 (1� FL) sin

2 ✓k cos 2✓l

�FL cos
2 ✓k cos 2✓l + S3 sin

2 ✓k sin
2 ✓l cos 2�

+S4 sin 2✓k sin 2✓l cos�+ S5 sin 2✓k sin ✓l cos�

+ 4
3AFB sin2 ✓k cos ✓l + S7 sin 2✓k sin ✓l sin�

+S8 sin 2✓k sin 2✓l sin�+ S9 sin
2 ✓k sin

2 ✓l sin 2�]

THE  RARE  DECAY  B0 → K*0[K+π-]e+e- 

DECAY FULLY DESCRIBED BY THREE HELICITY ANGLES

,  AND  ARE COMBINATIONS OF  SPIN AMPLITUDES SENSITIVE TO  AND FORM FACTORS FL AFB Si K*0 C(′￼)
7,9,10

PERFORM RATIOS OF OBSERVABLES (E.G. ) WHERE FORM FACTORS CANCEL AT LEADING ORDERP′￼5

*S-WAVE CONTRIBUTION IS CONSIDERED IN THE SYSTEMATICS
 [JHEP 1204 (2012) 104]

P 0
5 =

S5p
FL(1� FL)
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IMPROVED STRATEGY TO CONTROL SIGNAL RESOLUTION IN ELECTRONS:

 DEFINED WITH  PRIMARY VERTEX AND  MASS CONSTRAINT, ALLOWING FOR THE 
EXTENSION OF THE ANALYSIS RANGE UP TO  AND REDUCED BIN MIGRATION

q2 B0 B0

7.0 GeV2/c4

[RADIATIVE TAILS]

ANALYSIS PERFORMED IN TWO  REGIMES: [1.1, 6.0] AND [1.1, 7.0] GEV2/C4q2

<latexit sha1_base64="MisKNPjJ7/0w27U1ifecDFVyLBE=">AAACBHicbVC7SgNBFJ2NrxhfUcs0i0GwCrsS1DKQJoVFBPOAzRJmJ7PJkJnZZeauuCwRbPwVGwtFbP0IO//GyaPQxAMDh3Pu4c49QcyZBsf5tnJr6xubW/ntws7u3v5B8fCoraNEEdoiEY9UN8CaciZpCxhw2o0VxSLgtBOM61O/c0eVZpG8hTSmvsBDyUJGMBipXyx5PaD3oER23agHDybLmWASq3Ti94tlp+LMYK8Sd0HKaIFmv/jVG0QkEVQC4Vhrz3Vi8DOsgBFOJ4VeommMyRgPqWeoxIJqP5sdMbFPjTKww0iZJ8Geqb8TGRZapyIwkwLDSC97U/E/z0sgvPIzJuMEqCTzRWHCbYjsaSP2gClKgKeGYKKY+atNRlhhAqa3ginBXT55lbTPK+5FpXpTLdecRR15VEIn6Ay56BLVUAM1UQsR9Iie0St6s56sF+vd+piP5qxF5hj9gfX5A8CsmMM=</latexit>

[LHCb preliminary]
<latexit sha1_base64="MisKNPjJ7/0w27U1ifecDFVyLBE=">AAACBHicbVC7SgNBFJ2NrxhfUcs0i0GwCrsS1DKQJoVFBPOAzRJmJ7PJkJnZZeauuCwRbPwVGwtFbP0IO//GyaPQxAMDh3Pu4c49QcyZBsf5tnJr6xubW/ntws7u3v5B8fCoraNEEdoiEY9UN8CaciZpCxhw2o0VxSLgtBOM61O/c0eVZpG8hTSmvsBDyUJGMBipXyx5PaD3oER23agHDybLmWASq3Ti94tlp+LMYK8Sd0HKaIFmv/jVG0QkEVQC4Vhrz3Vi8DOsgBFOJ4VeommMyRgPqWeoxIJqP5sdMbFPjTKww0iZJ8Geqb8TGRZapyIwkwLDSC97U/E/z0sgvPIzJuMEqCTzRWHCbYjsaSP2gClKgKeGYKKY+atNRlhhAqa3ginBXT55lbTPK+5FpXpTLdecRR15VEIn6Ay56BLVUAM1UQsR9Iie0St6s56sF+vd+piP5qxF5hj9gfX5A8CsmMM=</latexit>

[LHCb preliminary]
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ANGULAR AND  DISTRIBUTIONS ARE DISTORTED BY THE EFFICIENCY OF 
THE SELECTION AND RECONSTRUCTION, AND RESOLUTION EFFECTS

q2

ACCEPTANCE EFFECTS

✏(cos ✓`, cos ✓K ,�, q2c ) =
X

k,l,m,n

ck,l,m,nLk(cos ✓K)Ll(cos ✓`)Fm(�)Ln(q
2
c )

<latexit sha1_base64="UOSq7Nupmxb6N1guW1F8uAWHyh8="></latexit><latexit sha1_base64="UOSq7Nupmxb6N1guW1F8uAWHyh8="></latexit><latexit sha1_base64="UOSq7Nupmxb6N1guW1F8uAWHyh8="></latexit><latexit sha1_base64="UOSq7Nupmxb6N1guW1F8uAWHyh8="></latexit>

ck,l,m,n =
1

N 0

NX

i=1

wi

✓
2k + 1

2

◆✓
2l + 1

2

◆✓
2m+ 1

2

◆✓
2n+ 1

2

◆�

<latexit sha1_base64="HQIjnzR+GO4rjmCpU2W7n+Lh9VE="></latexit><latexit sha1_base64="HQIjnzR+GO4rjmCpU2W7n+Lh9VE="></latexit><latexit sha1_base64="HQIjnzR+GO4rjmCpU2W7n+Lh9VE="></latexit><latexit sha1_base64="HQIjnzR+GO4rjmCpU2W7n+Lh9VE="></latexit>

EFFICIENCY PARAMETRISED IN 4D USING LEGENDRE POLYNOMIAL FOR ALL 
VARIABLES EXCEPT PHI (FOURIER):

COEFFICIENTS ARE OBTAINED FROM SIMULATION USING METHOD OF MOMENTS: 

WEIGHTS ACCOUNT FOR DATA SIMULATION DIFFERENCES
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SIGNAL/BACKGROUND SEPARATION

DATA-DRIVEN STRATEGY USED TO 
OBTAIN AN EFFECTIVE LINESHAPE 

USING CONTROL SAMPLES

CONTROL OVER BACKGROUND CONTRIBUTIONS REQUIRES KNOWLEDGE OF 
THE MASS AND ANGULAR STRUCTURE
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PASS-FAIL METHOD (INVERTED PID)

(LFV) DATAB0 → K*0e+μ−

Components modelling

Zhenzi Wang 11 June, 202410

• Significant backgrounds remaining after selections: 

Double semi-leptonic (DSL), e.g.  
Combinatorial 
Misidentified hadronic backgrounds ( )  
Partially reconstructed (PR), e.g. 

B0 → D−( → K*0e−ν̄e) e+νe

B0 → K*0π−(π0, γ)X
B+ → K1/K2( → K+π−π+) e+e−

*Shape from data-driven approach [arXiv:2212.09153]

Signal

Partially 
reconstructed

Combinatorial

4900 MeV/c2 m(Kπee)

Double semi-
leptonic (DSL)

cosθl-1.0 1.0

K+

π−

D−

B0

e−

e+

ν̄e

νe

ℬ ∼ 𝒪(10−4)

Misidentified 
hadronic decays* B0 → K*0π−(π0, γ)X

Effective acceptance 
weights always included

MISIDENTIFIED 
HADRONIC DECAYS
B0 → K*0π−(π0, γ)X

SIGNAL

DOUBLE SEMILEPTONIC 
(DSL) DECAYS

B0 → D−( → K*0e−ν̄e)e+νe

COMBINATORIAL

PARTIALLY 
RECONSTRUCTED

<latexit sha1_base64="LBbv7l2fpj7M0VdYndLEnKDKMvs=">AAACG3icbVBNS8NAEN34bf2qevQSLEJFrUkp6lHwIoigYKvQJmWzndqlu0nYnYgl5H948a948aCIJ8GD/8ZtraDWBwNv35thZ14QC67RcT6ssfGJyanpmdnc3PzC4lJ+eaWmo0QxqLJIROoqoBoED6GKHAVcxQqoDARcBt2jvn95A0rzKLzAXgyepNchb3NG0UjNfFkWT/x0K2vE3E93MvC3wN/ZrDcQblHJ9BRq2e73g2V+Ws68Zr7glJwB7FHiDkmBDHHWzL81WhFLJITIBNW67joxeilVyJmALNdINMSUdek11A0NqQTtpYPbMnvDKC27HSlTIdoD9edESqXWPRmYTkmxo/96ffE/r55g+8BLeRgnCCH7+qidCBsjux+U3eIKGIqeIZQpbna1WYcqytDEmTMhuH9PHiW1csndK1XOK4XD7WEcM2SNrJMicck+OSTH5IxUCSN35IE8kWfr3nq0XqzXr9YxazizSn7Bev8ELEuhfA==</latexit>

m(K+⇡�e+e�)[MeV/c2]
<latexit sha1_base64="7ZMp0fer/C9747Lpnpig743gYis=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgQkoiwceu4MZlBfuANpTJdNIOnZmEmYlQQn/BjQtF3PpD7vwbJ20W2nrgwuGce7n3njDhTBvX/XZKa+sbm1vl7crO7t7+QfXwqK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLnL/c4TVZrF8tFMExoIPJIsYgSbXPJvXXdQrbl1dw60SryC1KBAc1D96g9jkgoqDeFY657nJibIsDKMcDqr9FNNE0wmeER7lkosqA6y+a0zdGaVIYpiZUsaNFd/T2RYaD0Voe0U2Iz1speL/3m91EQ3QcZkkhoqyWJRlHJkYpQ/joZMUWL41BJMFLO3IjLGChNj46nYELzll1dJ+7LuXdX9B7/WuCjiKMMJnMI5eHANDbiHJrSAwBie4RXeHOG8OO/Ox6K15BQzx/AHzucP01yNYg==</latexit>

4900

<latexit sha1_base64="MisKNPjJ7/0w27U1ifecDFVyLBE=">AAACBHicbVC7SgNBFJ2NrxhfUcs0i0GwCrsS1DKQJoVFBPOAzRJmJ7PJkJnZZeauuCwRbPwVGwtFbP0IO//GyaPQxAMDh3Pu4c49QcyZBsf5tnJr6xubW/ntws7u3v5B8fCoraNEEdoiEY9UN8CaciZpCxhw2o0VxSLgtBOM61O/c0eVZpG8hTSmvsBDyUJGMBipXyx5PaD3oER23agHDybLmWASq3Ti94tlp+LMYK8Sd0HKaIFmv/jVG0QkEVQC4Vhrz3Vi8DOsgBFOJ4VeommMyRgPqWeoxIJqP5sdMbFPjTKww0iZJ8Geqb8TGRZapyIwkwLDSC97U/E/z0sgvPIzJuMEqCTzRWHCbYjsaSP2gClKgKeGYKKY+atNRlhhAqa3ginBXT55lbTPK+5FpXpTLdecRR15VEIn6Ay56BLVUAM1UQsR9Iie0St6s56sF+vd+piP5qxF5hj9gfX5A8CsmMM=</latexit>

[LHCb preliminary]

<latexit sha1_base64="MisKNPjJ7/0w27U1ifecDFVyLBE=">AAACBHicbVC7SgNBFJ2NrxhfUcs0i0GwCrsS1DKQJoVFBPOAzRJmJ7PJkJnZZeauuCwRbPwVGwtFbP0IO//GyaPQxAMDh3Pu4c49QcyZBsf5tnJr6xubW/ntws7u3v5B8fCoraNEEdoiEY9UN8CaciZpCxhw2o0VxSLgtBOM61O/c0eVZpG8hTSmvsBDyUJGMBipXyx5PaD3oER23agHDybLmWASq3Ti94tlp+LMYK8Sd0HKaIFmv/jVG0QkEVQC4Vhrz3Vi8DOsgBFOJ4VeommMyRgPqWeoxIJqP5sdMbFPjTKww0iZJ8Geqb8TGRZapyIwkwLDSC97U/E/z0sgvPIzJuMEqCTzRWHCbYjsaSP2gClKgKeGYKKY+atNRlhhAqa3ginBXT55lbTPK+5FpXpTLdecRR15VEIn6Ay56BLVUAM1UQsR9Iie0St6s56sF+vd+piP5qxF5hj9gfX5A8CsmMM=</latexit>

[LHCb preliminary]

[PRL 131 (2023) 051803, PRD 108 (2023) 032002]
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SYSTEMATIC UNCERTAINTIES

LARGEST UNCERTAINTIES ARE MOSTLY ASSOCIATED TO ASSUMPTIONS ON THE 
EFFECTIVE BACKGROUND MODELLING  
Table 1: Summary of the systematic uncertainties on the S -basis angular observables of the
small q2 bin. The values are given relative to the statistical uncertainties.

FL S3 S4 S5 AFB S7 S8 S9

DSL and comb. 0.687 0.372 0.297 0.321 0.449 0.177 0.668 0.294
Part. reco. 0.091 0.039 0.039 0.049 0.051 0.021 0.034 0.037
Had. misid. 0.376 0.254 0.107 0.178 0.155 0.336 0.129 0.141
E↵ective acceptance 0.399 0.249 0.419 0.410 0.331 0.508 0.393 0.214
Signal mass modelling 0.254 0.057 0.071 0.111 0.122 0.044 0.045 0.062
Residual backgrounds 0.179 0.039 0.045 0.062 0.137 0.032 0.032 0.047
S-wave component 0.351 0.050 0.129 0.084 0.105 0.159 0.008 0.103
B+ veto 0.499 0.133 0.152 0.179 0.242 0.159 0.154 0.117
Fit bias 0.007 0.008 0.030 0.038 0.042 0.007 0.019 0.031
Total 1.118 0.540 0.570 0.601 0.665 0.676 0.804 0.430

Table 2: Summary of the systematic uncertainties on the P -basis angular observables of the
small q2 bin. The values are given relative to the statistical uncertainties.

FL P1 P 0
4 P 0

5 P2 P 0
6 P 0

8 P3

DSL and comb. 0.690 0.865 0.488 0.611 0.952 0.244 0.813 0.715
Part. reco. 0.153 0.218 0.086 0.152 0.145 0.049 0.055 0.111
Had. misid. 0.378 0.574 0.182 0.264 0.342 0.408 0.168 0.358
E↵ective acceptance 0.400 0.413 0.469 0.462 0.463 0.576 0.447 0.332
Signal mass modelling 0.255 0.159 0.136 0.169 0.310 0.061 0.064 0.152
Residual backgrounds 0.180 0.133 0.066 0.117 0.288 0.041 0.042 0.119
S-wave component 0.352 0.098 0.176 0.110 0.285 0.207 0.012 0.201
B+ veto 0.501 0.408 0.278 0.373 0.516 0.217 0.207 0.373
Fit bias 0.001 0.009 0.043 0.027 0.069 0.013 0.015 0.027
Total 1.129 1.231 0.795 0.935 1.338 0.810 0.970 0.989

bootstrapping technique [48] is used to quantify this source of systematic uncertainty.456

Bootstrapped samples of K+⇡�e+µ� data are obtained from the baseline sample by457

randomly selecting candidates with replacement. The two-step procedure is repeated for458

each bootstrapped sample to obtain alternative models for both backgrounds, which are459

then used in the generation of pseudoexperiments.460

To assess the impact of the the parametrisation method, alternative functions are461

used to describe both backgrounds. For the DSL background, instead of the signal PDF,462

a di↵erent unfactorised description consisting of polynomials and Fourier terms (Eq. 4)463

up to second and third order, respectively, is employed for cos ✓K and �. For cos ✓`, a464

parametric model composed of four Gaussian functions is used instead of a KDE. A465

Gaussian function is used to describe its mass distribution. The alternative combinatorial466

model uses polynomials of up to third order for cos ✓K and cos ✓`, and Fourier terms for467

the angle � due to its periodic distribution. A Gaussian distribution is used to describe468

its mass distribution.469

The simulation of B0
! D�(! K⇤0e�⌫̄e)e+⌫` decays fails to reproduce the background470

composition in data and is therefore not used for the baseline DSL model. In particular,471

13

*VALUES ARE GIVEN RELATIVE TO THE STATISTICAL UNCERTAINTIES

*

,  AND  ARE PARTICULARLY AFFECTED BY CHOICES ON THE DOUBLE SEMILEPTONIC AND 
COMBINATORIAL PARAMETRISATION  

SIZEABLE IMPACT OF THE ACCEPTANCE MODELLING (DATA/SIMULATION CORRECTIONS)

FL AFB S8
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DATA FIT PROJECTIONS
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[LHCb preliminary]
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DATA FIT RESULTS SUMMARY

Figure 3: The S -basis (left) and P -basis (right) angular observables extracted determined
from weighted maximum likelihood fits to signal candidates. The overlapping error bars show
statistical and total uncertainties. The orange and hatched purple boxes correspond to SM
predictions based on Ref. [21] and Refs. [11, 53], respectively.

Table 3: Values for the S - and P -basis angular observables. The first uncertainty is statistical
and the second is systematic.

1.1 < q2 < 6.0 GeV2/c4

FL 0.582 ± 0.045 ± 0.050
S3 �0.000 ± 0.042 ± 0.023 P1 �0.002 ± 0.202 ± 0.246
S4 �0.119 ± 0.073 ± 0.042 P 0

4 �0.242 ± 0.148 ± 0.120
S5 �0.077 ± 0.054 ± 0.033 P 0

5 �0.157 ± 0.110 ± 0.102
AFB �0.146 ± 0.052 ± 0.035 P2 �0.232 ± 0.083 ± 0.112
S7 �0.077 ± 0.056 ± 0.038 P 0

6 �0.155 ± 0.114 ± 0.092
S8 0.129 ± 0.072 ± 0.056 P 0

8 0.262 ± 0.146 ± 0.137
S9 0.066 ± 0.045 ± 0.020 P3 �0.157 ± 0.107 ± 0.110

Figure 4: Lepton flavor universality observables Qi. calculated using the P -basis angular
observables of the muon and electron modes. The overlapping error bars show statistical and
total uncertainties. The SM predictions (orange boxes) are based on Ref. [21].
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OPTIMISED ANGULAR OBSERVABLES

SIMILAR PATTERN OBSERVED IN THE  BASISP(′￼)
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LFU ANGULAR OBSERVABLES

RESULTS ARE ALL CONSISTENT WITH THE LFU CONSERVATION HYPOTHESIS       

[Belle Collaboration, PRL 118 (2017) 111801
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Qi = P (µ)
i � P (e)

i
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LFU QUANTITIES ARE DERIVED BY COMPARING WITH MUON RESULTS [PRL 132 (2024) 131801] 

*MUON DATA RE-ANALYSED WITHOUT 
EXPLICIT S-WAVE CONTRIBUTION
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WILSON COEFFICIENT INTERPRETATION
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A GLOBAL FIT WITH ALL ANGULAR OBSERVABLES IS PERFORMED VARYING :Re(C9)
FORM FACTORS CONSTRAINED FROM [JHEP 12 (2023) 153] AND NON-LOCAL QCD 
TERMS FROM [JHEP 02 (2021) 088, JHEP 09 (2022) 133] 

LOCAL AND NON-LOCAL HADRONIC CONTRIBUTIONS ARE SHARED FOR THE 
TWO LEPTON SPECIES

 CONSISTENT WITH ZEROΔC9 = C(μ)
9 − C(e)

9
SIMILAR PATTERN OF 

SHIFT IN Re(C9)
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FIRST ANGULAR ANALYSIS FOR ELECTRONS IN THE 
CENTRAL  REGION AT HADRONIC MACHINESq2

RESULTS ARE CONSISTENT WITH THE SM 
AND WITH THE LFU HYPOTHESIS 

BEST PRECISION OF ANGULAR OBSERVABLES 

SENSITIVITY AT THE SAME LEVEL AS FIRST  
MEASUREMENT IN MUONS

P′￼5

A GLOBAL FIT TO THE ANGULAR OBSERVABLES 
FAVOURS A SIMILAR PATTERN OF SHIFT IN 

 AS IN THE ANOMALIESRe(C9) b → sμ+μ−

MEASUREMENT OPENS EXPERIMENTAL VENUE 
FOR HIGH-PRECISION LFU/ANGULAR ANALYSIS 

WITH DATA FROM RUN 3 AND BEYOND
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CP-AVERAGED ANGULAR OBSERVABLES
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 OBSERVABLES IN THE REGION BETWEEN [1.1, 6.0] GEVSi
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/  CORRELATION MATRIXSi P(′￼)
iE Correlation matrices883

Correlation matrices for the statistical uncertainties on the angular observables are given884

in Tab. 13 and 14. Correlations between systematic uncertainties are shown in Tab. 15885

and 16.886

Table 13: Correlations between the statistical uncertainties on S -basis angular observables.

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 0.01 �0.07 0.00 0.06 �0.01 �0.04 �0.06
S3 1.00 �0.07 �0.02 0.05 0.10 �0.08 �0.01
S4 1.00 �0.10 �0.10 �0.07 0.09 0.09
S5 1.00 �0.05 0.06 �0.04 �0.03
AFB 1.00 0.11 �0.07 �0.06
S7 1.00 �0.07 �0.14
S8 1.00 �0.01
S9 1.00

Table 14: Correlations between the statistical uncertainties on P -basis angular observables.

FL P1 P2 P3 P 0
4 P 0

5 P 0
6 P 0

8

FL 1.00 0.02 �0.20 �0.08 �0.09 �0.02 �0.02 �0.01
P1 1.00 0.04 0.01 �0.07 �0.02 0.10 �0.08
P2 1.00 0.06 �0.07 �0.05 0.11 �0.06
P3 1.00 �0.08 0.03 0.14 0.02
P 0
4 1.00 �0.10 �0.07 0.09

P 0
5 1.00 0.06 �0.03

P 0
6 1.00 �0.07

P 0
8 1.00

Table 15: Correlations between the systematic uncertainties on S -basis angular observables.

FL S3 S4 S5 AFB S7 S8 S9

FL 1.000 0.008 �0.105 �0.151 �0.226 �0.015 0.014 �0.051
S3 1.000 0.004 �0.055 0.002 0.007 0.015 0.014
S4 1.000 0.354 0.013 �0.038 0.001 0.006
S5 1.000 0.084 0.000 �0.033 0.007
AFB 1.000 �0.017 �0.006 0.014
S7 1.000 0.089 �0.044
S8 1.000 �0.004
S9 1.000
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Table 13: Correlations between the statistical uncertainties on S -basis angular observables.

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 0.01 �0.07 0.00 0.06 �0.01 �0.04 �0.06
S3 1.00 �0.07 �0.02 0.05 0.10 �0.08 �0.01
S4 1.00 �0.10 �0.10 �0.07 0.09 0.09
S5 1.00 �0.05 0.06 �0.04 �0.03
AFB 1.00 0.11 �0.07 �0.06
S7 1.00 �0.07 �0.14
S8 1.00 �0.01
S9 1.00

Table 14: Correlations between the statistical uncertainties on P -basis angular observables.

FL P1 P2 P3 P 0
4 P 0

5 P 0
6 P 0

8

FL 1.00 0.02 �0.20 �0.08 �0.09 �0.02 �0.02 �0.01
P1 1.00 0.04 0.01 �0.07 �0.02 0.10 �0.08
P2 1.00 0.06 �0.07 �0.05 0.11 �0.06
P3 1.00 �0.08 0.03 0.14 0.02
P 0
4 1.00 �0.10 �0.07 0.09

P 0
5 1.00 0.06 �0.03

P 0
6 1.00 �0.07

P 0
8 1.00

Table 15: Correlations between the systematic uncertainties on S -basis angular observables.

FL S3 S4 S5 AFB S7 S8 S9

FL 1.000 0.008 �0.105 �0.151 �0.226 �0.015 0.014 �0.051
S3 1.000 0.004 �0.055 0.002 0.007 0.015 0.014
S4 1.000 0.354 0.013 �0.038 0.001 0.006
S5 1.000 0.084 0.000 �0.033 0.007
AFB 1.000 �0.017 �0.006 0.014
S7 1.000 0.089 �0.044
S8 1.000 �0.004
S9 1.000
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Table 16: Correlations between the systematic uncertainties on P -basis angular observables.

FL P1 P2 P3 P 0
4 P 0

5 P 0
6 P 0

8

FL 1.00 �0.041 �0.142 0.023 �0.223 �0.326 �0.025 0.011
P1 1.000 0.009 �0.012 0.001 �0.030 �0.009 0.009
P2 1.000 0.017 0.067 0.127 0.016 �0.001
P3 1.000 �0.004 0.002 0.042 0.004
P 0
4 1.000 0.418 �0.010 0.000

P 0
5 1.000 0.018 �0.025

P 0
6 1.000 0.089

P 0
8 1.000
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CP-AVERAGED ANGULAR OBSERVABLES

A.0.5 Results842

The angular observables measured in the large q2 bin are summarised in Fig. 15, and their843

numerical values are given in Tab. 7. In general, these values are in good agreement with844

both sets of SM predictions. All tensions are at a level of 2� or below. Four observables845

di↵er with respect to one (or both) predictions at a level of � 1.5�, these include FL, S5846

(P 0
5), AFB (P2) and S9. The Qi observables are summarised in Fig. 16, and Tab. 8. In847

this case, with the exception of FL, which shows a tension of 2.1�, all other values are848

compatible with the SM prediction at less than 1.5�.849

Figure 15: The S -basis (left) and P -basis (right) angular observables of the large q2 region
extracted determined from weighted maximum likelihood fits to signal candidates. The overlap-
ping error bars show statistical and total uncertainties. The orange and hatched purple boxes
correspond to SM predictions based on Ref. [21] and Refs. [11, 53], respectively.

Table 7: Values for the S - and P -basis angular observables for the large q2 region. The first
uncertainty is statistical and the second is systematic.

1.1 < q2 < 7.0 GeV2/c4

FL 0.581 ± 0.041 ± 0.049
S3 �0.011 ± 0.039 ± 0.023 P1 �0.053 ± 0.188 ± 0.199
S4 �0.119 ± 0.063 ± 0.041 P 0

4 �0.242 ± 0.128 ± 0.109
S5 �0.096 ± 0.049 ± 0.035 P 0

5 �0.194 ± 0.100 ± 0.097
AFB �0.140 ± 0.046 ± 0.036 P2 �0.223 ± 0.074 ± 0.090
S7 �0.062 ± 0.052 ± 0.038 P 0

6 �0.125 ± 0.106 ± 0.088
S8 0.061 ± 0.065 ± 0.042 P 0

8 0.123 ± 0.131 ± 0.098
S9 0.069 ± 0.042 ± 0.019 P3 �0.165 ± 0.100 ± 0.084
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correspond to SM predictions based on Ref. [21] and Refs. [11, 53], respectively.
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A.0.6 Correlation matrices850

Correlations between observables are given in Tab. 9 and 10. Correlations of the systematic851

uncertainties are given in Tab. 11 and 12.852

Table 9: Correlations between the S -basis angular observables of the large q2 bin.

FL S3 S4 S5 AFB S7 S8 S9

FL 1.0 0.02 �0.05 �0.01 0.09 �0.05 �0.03 �0.05
S3 1.00 �0.05 �0.03 0.04 0.05 �0.05 0.02
S4 1.00 �0.10 �0.14 �0.05 0.06 0.04
S5 1.00 �0.07 0.06 �0.02 �0.04
AFB 1.00 0.03 �0.04 �0.01
S7 1.00 �0.06 �0.13
S8 1.00 �0.04
S9 1.00

Table 10: Correlations between the P -basis angular observables of the large q2 bin.

FL P1 P2 P3 P 0
4 P 0

5 P 0
6 P 0

8

FL 1.00 0.00 �0.18 �0.11 �0.07 �0.04 �0.06 �0.02
P1 1.00 0.04 �0.02 �0.05 �0.03 0.05 �0.05
P2 1.00 0.03 �0.13 �0.06 0.05 �0.03
P3 1.00 �0.03 0.04 0.14 0.04
P 0
4 1.00 �0.10 �0.05 0.06

P 0
5 1.00 0.06 �0.02

P 0
6 1.00 �0.06

P 0
8 1.00

Table 11: Correlations between the systematic uncertainties of the S -basis angular observables
of the large q2 bin.

FL S3 S4 S5 AFB S7 S8 S9

FL 1.000 0.010 �0.089 �0.134 �0.170 �0.016 0.015 �0.043
S3 1.000 0.003 �0.049 �0.002 0.004 0.017 0.010
S4 1.000 0.328 �0.008 �0.038 0.004 0.002
S5 1.000 0.053 0.003 �0.04 �0.002
AFB 1.000 �0.021 �0.006 0.011
S7 1.000 0.114 �0.050
S8 1.000 �0.006
S9 1.000
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Table 12: Correlations between the systematic uncertainties of the P -basis angular observables
of the large q2 bin.

FL P1 P2 P3 P 0
4 P 0

5 P 0
6 P 0

8

FL 1.00 �0.037 �0.052 0.021 �0.185 �0.276 �0.023 0.009
P1 1.00 0.004 �0.022 0.018 �0.014 0.005 0.016
P2 1.00 0.009 �0.011 0.031 �0.008 0.000
P3 1.000 �0.006 0.009 0.053 0.009
P 0
4 1.000 0.368 �0.026 0.004

P 0
5 1.000 0.011 �0.030

P 0
6 1.000 0.113

P 0
8 1.000
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LFU OBSERVABLES
Table 4: Values for the Qi observables given by the di↵erences between the muon and electron
mode P -basis observables. The first uncertainty is statistical and the second is systematic.

1.1 < q2 < 6.0 GeV2/c4

QFL 0.121 ± 0.050 ± 0.050
Q1 �0.097 ± 0.264 ± 0.246
Q4 �0.071 ± 0.173 ± 0.120
Q5 0.045 ± 0.132 ± 0.102
Q2 0.066 ± 0.098 ± 0.112
Q6 �0.049 ± 0.137 ± 0.092
Q8 �0.275 ± 0.166 ± 0.137
Q3 0.216 ± 0.144 ± 0.110
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Figure 16: Lepton flavor universality observables Qi. calculated using the P -basis angular
observables of the muon and electron modes in the large q2 region. The overlapping error
bars show statistical and total uncertainties. The SM predictions (orange boxes) are based on
Ref. [21].

Table 8: Values for the Qi observables given by the di↵erences between the muon and electron
mode P -basis observables in the large q2 regio. The first uncertainty is statistical and the second
is systematic.

1.1 < q2 < 7.0 GeV2/c4

QFL 0.126 ± 0.046 ± 0.049
Q1 �0.034 ± 0.246 ± 0.199
Q4 �0.131 ± 0.149 ± 0.109
Q5 �0.014 ± 0.119 ± 0.097
Q2 0.109 ± 0.086 ± 0.091
Q6 �0.080 ± 0.124 ± 0.088
Q8 �0.152 ± 0.149 ± 0.098
Q3 0.205 ± 0.131 ± 0.084
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Figure 16: Lepton flavor universality observables Qi. calculated using the P -basis angular
observables of the muon and electron modes in the large q2 region. The overlapping error
bars show statistical and total uncertainties. The SM predictions (orange boxes) are based on
Ref. [21].

Table 8: Values for the Qi observables given by the di↵erences between the muon and electron
mode P -basis observables in the large q2 regio. The first uncertainty is statistical and the second
is systematic.

1.1 < q2 < 7.0 GeV2/c4

QFL 0.126 ± 0.046 ± 0.049
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1.1 < q2 < 6.0 GeV2/c4

QFL 0.121 ± 0.050 ± 0.050
Q1 �0.097 ± 0.264 ± 0.246
Q4 �0.071 ± 0.173 ± 0.120
Q5 0.045 ± 0.132 ± 0.102
Q2 0.066 ± 0.098 ± 0.112
Q6 �0.049 ± 0.137 ± 0.092
Q8 �0.275 ± 0.166 ± 0.137
Q3 0.216 ± 0.144 ± 0.110
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Figure 16: Lepton flavor universality observables Qi. calculated using the P -basis angular
observables of the muon and electron modes in the large q2 region. The overlapping error
bars show statistical and total uncertainties. The SM predictions (orange boxes) are based on
Ref. [21].

Table 8: Values for the Qi observables given by the di↵erences between the muon and electron
mode P -basis observables in the large q2 regio. The first uncertainty is statistical and the second
is systematic.

1.1 < q2 < 7.0 GeV2/c4

QFL 0.126 ± 0.046 ± 0.049
Q1 �0.034 ± 0.246 ± 0.199
Q4 �0.131 ± 0.149 ± 0.109
Q5 �0.014 ± 0.119 ± 0.097
Q2 0.109 ± 0.086 ± 0.091
Q6 �0.080 ± 0.124 ± 0.088
Q8 �0.152 ± 0.149 ± 0.098
Q3 0.205 ± 0.131 ± 0.084
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Figure 16: Lepton flavor universality observables Qi. calculated using the P -basis angular
observables of the muon and electron modes in the large q2 region. The overlapping error
bars show statistical and total uncertainties. The SM predictions (orange boxes) are based on
Ref. [21].

Table 8: Values for the Qi observables given by the di↵erences between the muon and electron
mode P -basis observables in the large q2 regio. The first uncertainty is statistical and the second
is systematic.

1.1 < q2 < 7.0 GeV2/c4

QFL 0.126 ± 0.046 ± 0.049
Q1 �0.034 ± 0.246 ± 0.199
Q4 �0.131 ± 0.149 ± 0.109
Q5 �0.014 ± 0.119 ± 0.097
Q2 0.109 ± 0.086 ± 0.091
Q6 �0.080 ± 0.124 ± 0.088
Q8 �0.152 ± 0.149 ± 0.098
Q3 0.205 ± 0.131 ± 0.084

36

[Backup]



R. Silva Coutinho 30

MISIDENTIFIED BACKGROUND PROCEDURE

INVERT PID REQUIREMENTS ON ONE OR BOTH ELECTRONS (CONTROL CHANNEL)
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PROBNN(E): NEURAL-NET BASED E-ID SCORE
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LHCb

Tightening selection in electron PID without specific treatment of electron misidentified 

backgrounds exhibited a coherent pattern

Analysis: fit-setup

DLL(e): 

combination of   

sub-detectors  

delta-log-likelihood 

for /e π

ProbNN(e): 

neural-net based 

e-ID score 
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MISIDENTIFIED BACKGROUND PROCEDURE

INVERT PID REQUIREMENTS ON ONE OR BOTH ELECTRONS (CONTROL CHANNEL)
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Misidentified background in electron modeAnalysis: fit-setup

✦ Invert PID requirements on one or both  after full selection (control region) 

✦ Subtract residual  signal falling in the control region

e

e+e−

✦ Categorise pion- and kaon-like electrons in control region based on neural-net kaon ID 

classifier 

✦ Per-event/per-track weights on  to predict background shape and normalisation for efail epass

CATEGORISE PION- AND KAON-LIKE ELECTRONS IN CONTROL REGION WITH NEURAL-NET ID 

PARAMETRISE SHAPE AND PREDICT NORMALISATION OF SUCH CONTRIBUTION

CONTROL REGIONS

EXAMPLE FROM [PRL 131 (2023) 051803, PRD 108 (2023) 032002]

[Backup]
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MISIDENTIFIED BACKGROUND PROCEDURE

SIMILAR MISIDENTIFIED BACKGROUND MODELLING FOR RK*

EXAMPLE FROM [PRL 131 (2023) 051803, PRD 108 (2023) 032002]

[Backup]
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Analysis: fit-setup Misidentified background in electron mode ( )RK+
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MISIDENTIFIED BACKGROUND PROCEDURE

EXAMPLE FROM [PRL 131 (2023) 051803, PRD 108 (2023) 032002]

[Backup]

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+¥0(! e+e°∞)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

100

200

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+J/√(! e+e°)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

50

100

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B0 ! K§0J/√(! e+e°)

5000 5500 6000
m(K+e+e°) [MeV/c2]

0.0

0.5

1.0

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

£105

LHCb
9 fb°1

RK J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed

B0
s ! K

§0
J/√

B+ ! º+J/√

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

2

4

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

£104

LHCb
9 fb°1

RK§ J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed
§0

b ! pK°J/√
B0

s ! ¡J/√

B0
s ! K

§0
J/√

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+¥0(! e+e°∞)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

100

200

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+J/√(! e+e°)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

50

100

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B0 ! K§0J/√(! e+e°)

5000 5500 6000
m(K+e+e°) [MeV/c2]

0.0

0.5

1.0

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

£105

LHCb
9 fb°1

RK J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed

B0
s ! K

§0
J/√

B+ ! º+J/√

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

2

4

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

£104

LHCb
9 fb°1

RK§ J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed
§0

b ! pK°J/√
B0

s ! ¡J/√

B0
s ! K

§0
J/√

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+¥0(! e+e°∞)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

100

200

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+J/√(! e+e°)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

50

100

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B0 ! K§0J/√(! e+e°)

5000 5500 6000
m(K+e+e°) [MeV/c2]

0.0

0.5

1.0

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

£105

LHCb
9 fb°1

RK J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed

B0
s ! K

§0
J/√

B+ ! º+J/√

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

2

4

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

£104

LHCb
9 fb°1

RK§ J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed
§0

b ! pK°J/√
B0

s ! ¡J/√

B0
s ! K

§0
J/√

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+¥0(! e+e°∞)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

100

200

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+J/√(! e+e°)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

50

100

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B0 ! K§0J/√(! e+e°)

5000 5500 6000
m(K+e+e°) [MeV/c2]

0.0

0.5

1.0

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

£105

LHCb
9 fb°1

RK J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed

B0
s ! K

§0
J/√

B+ ! º+J/√

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

2

4

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

£104

LHCb
9 fb°1

RK§ J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed
§0

b ! pK°J/√
B0

s ! ¡J/√

B0
s ! K

§0
J/√

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+¥0(! e+e°∞)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

100

200

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+J/√(! e+e°)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

50

100

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B0 ! K§0J/√(! e+e°)

5000 5500 6000
m(K+e+e°) [MeV/c2]

0.0

0.5

1.0

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

£105

LHCb
9 fb°1

RK J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed

B0
s ! K

§0
J/√

B+ ! º+J/√

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

2

4

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

£104

LHCb
9 fb°1

RK§ J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed
§0

b ! pK°J/√
B0

s ! ¡J/√

B0
s ! K

§0
J/√

Renato Quagliani LHC Seminar, CERN 45

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+¥0(! e+e°∞)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

20

40

60

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ low-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed

5000 5500 6000
m(K+e+e°) [MeV/c2]

0

100

200

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B+ ! K+J/√(! e+e°)

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

50

100

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

LHCb
9 fb°1

RK§ central-q2

Data
Total
Signal
Combinatorial
Misidentification
Partially Recoed
B0 ! K§0J/√(! e+e°)

5000 5500 6000
m(K+e+e°) [MeV/c2]

0.0

0.5

1.0
C

ou
nt

s
/

(3
2.

00
M

eV
/c

2 )

£105

LHCb
9 fb°1

RK J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed

B0
s ! K

§0
J/√

B+ ! º+J/√

5000 5500 6000
m(K+º°e+e°) [MeV/c2]

0

2

4

C
ou

nt
s

/
(3

2.
00

M
eV

/c
2 )

£104

LHCb
9 fb°1

RK§ J/√-control
Data
Total
Signal
Combinatorial
Partially Recoed
§0

b ! pK°J/√
B0

s ! ¡J/√

B0
s ! K

§0
J/√

K ° º swap

Mass fit to rare mode electrons: simultaneous fit RK,K*0
Analysis: fit-setup
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